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MANUFACTURING METHOD AND SHAPING
DEVICE FOR SHAPED OBJECT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Japanese
Patent Application No. 2017-018418, filed on Feb. 3, 2017,
and Japanese Patent Application No. 2017-118331, filed on
Jun. 16, 2017. The entirety of the above-mentioned patent
application 1s hereby incorporated by reference herein and
made a part of this specification.

TECHNICAL FIELD

The present disclosure relates to a manufacturing method
and a shaping device for a shaped object.

BACKGROUND ART

In the related art, there 1s known a shaping device (3D
printer) that shapes a shaped object by using an ink-jet head
(for example, refer to Japanese Patent Application Laid-
open No. 2015-71282). For example, such a shaping device
shapes a shaped object using a deposition shaping method
by depositing a plurality of layers of ink formed by the
ink-jet head.

Patent Literature: Japanese Patent Application Laid-open
No. 2015-71282

SUMMARY

In a case of shaping a shaped object with a shaping device,
the weight of the shaped object 1s determined 1n accordance
with the specific gravity of deposition material to be depos-
ited 1n a shaping process and a size of the shaped object.
However, depending on the use and the like of the shaped
object, the weight of the shaped object 1s desired to be
heavier or lighter in some cases. For example, depending on
the shape of the shaped object, weight balance may be lost
when the shaping 1s simply performed 1n some cases. In such
a case, the center of gravity of the shaped object may be
desired to be adjusted. Thus, 1n the related art, there has been
a demand for manufacturing the shaped object using a more
appropriate method. The present disclosure provides a
manufacturing method and a shaping device for the shaped
object that can solve the above problem.

The mventors of the present disclosure originate an idea
of adjusting the weight, the center of gravity, and the like by
providing a clearance (cavity) inside instead of directly
forming the shape of the shaped object in shaping the shaped
object. With this configuration, for example, the weight, the
center of gravity, and the like of the shaped object can be
appropriately formed without aflecting an external appear-
ance ol the shaped object. The inventors have found a
characteristic required for obtaiming such an effect as a result
ol intensive research to complete the present disclosure.

To solve the problem described above, the present dis-
closure provides a manufacturing method for a shaped
object for manufacturing a three-dimensional shaped object
by depositing layers of shaping material, the method 1s
performed such that a weight of at least part of the shaped
object 1s set to be a setting weight different from a filling
weilght that 1s the weight 1n a case of forming the shaped
object by filling with deposition material used for deposi-
tion, and at least part of the shaped object to which the
setting weight 1s set 1s formed 1n a state of having a clearance
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2

inside as a region that 1s not formed with the deposition
material to form the shaped object in accordance with the
setting weight.

With this configuration, for example, the weight of the
shaped object can be appropriately adjusted to be desired
weight. In this case, by adjusting a position and the like at
which the clearance 1s formed 1n the shaped object, for
example, the center of gravity of the shaped object can be
adjusted. Thus, with this configuration, for example, the
weilght and the center of gravity of the shaped object can be
caused to be closer to a desired state. Accordingly, for
example, the shaped object can be more appropriately manu-
factured.

In this configuration, at the time of setting the setting
weight, for example, an 1nstruction for the center of gravity
may also be recetved from a manipulator, the instruction
designating a direction of the center of gravity of the shaped
object. In this case, for example, the direction of the center
of gravity of the shaped object 1s preferably set based on the
instruction for the center of gravity. Setting the direction of
the center of gravity of the shaped object means, for
example, that the shaped object 1s shaped so that orientation
of the center of gravity of the shaped object 1s 1dentical to the
istruction for the center of gravity.

In this configuration, for example, the shaped object may
be formed 1n a state of including a plurality of clearances
inside. With this configuration, for example, the weight and
the center of gravity of the shaped object can be more
appropriately formed. For example, a substance having a
specific gravity diflerent from that of the deposition material
may be put mto the clearance. In this case, for example, a
substance having a specific gravity larger than that of the
deposition material may be put into the clearance. Depend-
ing on the setting weight or setting of the center of gravity,
for example, a substance having a specific gravity smaller

than that of the deposition material may be put into the
clearance.

To reduce the weight of the shaped object, for example,
the clearance may be formed to be empty. In this case, “the
clearance may be formed to be empty” means that the
clearance becomes empty at the time when the shaped object
1s completely shaped. In this case, “the time when the shaped
object 1s completely shaped” means the time when all
processes related to shaping of the shaped object are com-
pleted, for example. “The clearance becomes empty” means
a state 1n which only surrounding air and the like enter the
clearance without intentionally filling other substances and
the like.

In a case of forming a plurality of clearances in the shaped
object, a substance and the like to be put into each clearance
may be different for each clearance. A substance having a
specific gravity diflerent from that of the deposition material
may be put into only a part of the clearances, and the other
clearances may be empty. With this configuration, for
example, the weight and the center of gravity of the shaped
object can be adjusted more finely by combining the clear-
ances. In this case, for example, 1t 1s preferable to form a
plurality of clearances having the same shape. With this
configuration, for example, by standardizing an operation of
forming the clearance, a shaping operation can be appropri-
ately prevented from being complicated.

The shaped object may be configured such that, for
example, a weight 1s put in the clearance, and the weight
moves within the clearance 1n accordance with orientation of
the shaped object. With this configuration, the center of
gravity ol the shaped object can be changed 1n accordance
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with the orientation of the shaped object. Accordingly, for
example, more diverse shaped objects can be shaped.

In a case of putting another substance into the clearance
at the time of forming the clearance, for example, the
deposition material may be further deposited on the sub-
stance. In a case of forming the clearance to be empty, for
example, an opening of the clearance may be blocked with
a lid prepared 1n advance, and the deposition material may
be further formed thereon.

At the time of forming the clearance to be empty, for
example, the clearance may be formed 1n a state of being
filled with filling material such as fluid material. In this case,
after the deposition material 1s deposited on the filling
material, the filling material 1s removed through a hole and
the like formed in advance. In this case, for example, a
through hole communicating the iside of the clearance with
the outside of the shaped object may be formed as the hole
for removing the filling matenal.

In this case, for example, 1t 1s preferable to use fluid
material and the like having a specific gravity larger than
that of the deposition material as the filling material. With
this configuration, for example, a layer of the deposition
material can be appropriately formed on the filling material.
In this case, by using the fluid material as the filling material,
for example, the filling material can be approprately
removed after the layer of the deposition material 1s formed.
Depending on quality and the like required for the shaped
object, for example, the fluid material may be kept 1n at least
some of the clearances after the shaped object 1s completed.
As the fluid material, for example, water, a saturated hydro-
carbon (paratlin-base, naphthenic-base, and the like), min-
eral oi1l, glycerol, or a mixture and the like thereol may be
used. In a practical use, water or liquid and the like con-
taining water as a principal component can be preferably
used as the tluid matenal.

In a case of using such fluid matenal, a wall part may be
formed on a shaping table for storing fluid material that has
overtlowed during the shaping operation. In this case, for
example, the shaping table 1s a table-like member having an
upper surface on which the shaped object during the shaping
process 1s placed. More specifically, i this case, for
example, a wall part surrounding the shaped object during
the shaping process may be further formed on the shaping
table with a gap therebetween at the time of shaping the
shaped object. With this configuration, for example, when
the fluid matenal overflows from the inside of the clearance
of the shaped object, the fluid material can be appropnately
stored between the shaped object during the shaping process
and the wall part.

As a shaping method performed by using the fluid mate-
rial, for example, a liquid storage container and the like
arranged at a position opposed to a head part across the
shaping table may be used. In this case, for example, the
head part means a configuration of ejecting shaping mate-
rial. In this case, for example, the shaped object during the
shaping process may be immersed 1n liquid within the liquad
storage container together with the shaping table 1n at least
part of a period during the shaping process of the shaped
object. With this configuration, the fluid material can also be
approprately stored in the liguid storage container when the
fluid material overtlows from the clearance. In this case, the
liquid within the liquid storage container may be used as a
fluid support member that supports the shaped object from
the outside of the shaped object, for example.

As the configuration of the present disclosure, a shaping
device and the like having the same characteristic as
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4

described above may be used. In this case, for example, the
same eflect as described above can be obtained.
According to the present disclosure, for example, a
shaped object can be more appropriately manufactured by
adjusting the weight and the like of the shaped object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are diagrams 1llustrating an example of a
shaping system 10 that executes a manufacturing method for
a shaped object according to an embodiment of the present
disclosure, FIG. 1A illustrates a configuration example of
the shaping system 10, and FIGS. 1B and 1C 1illustrate a
configuration example of a principal part of a shaping device
12.

FIGS. 2A to 2C are diagrams for explaining a shaped
object 50 1n more detail, FIG. 2A 1llustrates a configuration
example of the shaped object 50 manufactured by using a
conventional method, FIG. 2B illustrates a configuration
example of the shaped object 50 shaped in this example, and
FIG. 2C illustrates a shape of a clearance formed 1n this
example.

FIGS. 3A and 3B are diagrams for explaining an operation
of setting the weight and the center of gravity of the shaped
object 50, FIG. 3A 1s a functional block diagram illustrating
a function of the shaping system 10, and FIG. 3B 15 a
diagram 1llustrating an example of setting of the center of
gravity in this example.

FIGS. 4Ato 4C are diagrams illustrating a modification of
the configuration of the shaped object 50, FIG. 4A illustrates
a configuration example of the shaped object 50 used as a
lure, FIG. 4B 1s a diagram for explaiming an operation of
shaping the shaped object 50 1llustrated 1n FIG. 4A 1n more
detail, and FIG. 4C 1s a perspective view illustrating a frame
body 70 and a weight 72 arranged inside the shaped object
50 1n more detail.

FIGS. 5A and 5B are diagrams for explaining another
modification of the shaped object 50, FIG. SA illustrates a
configuration example of the shaped object 50 according to
this modification, and FIG. 5B illustrates another example of
the configuration of the shaped object 530 according to this
modification.

FIG. 6 1s a diagram 1llustrating a modification of the
configuration of the shaping device 12.

FIGS. 7TA and 7B are diagrams illustrating another modi-
fication of the configuration of the shaped object 50, FIG. 7A
illustrates a configuration of a cross section orthogonal to a
sub-scanning direction of the shaped object 50 according to
this modification, and FIG. 7B 1s a cross-sectional view
illustrating the shaped object 50 in the middle of a shaping
Process.

FIG. 8 1s a diagram 1llustrating another modification of the
shaping operation of shaping the shaped object 50.

FIGS. 9A to 9C are diagrams for explaiming another
modification of the configuration of the shaping device 12,
FIG. 9A 1llustrates a configuration example of the shaping
device 12 according to this modification, FIG. 9B illustrates
a configuration example of a head part 102 of the shaping
device 12, and FIG. 9C illustrates a configuration example
of the shaped object 50 shaped 1n this modification.

FIGS. 10A to 10C are diagrams for explaining another
modification of the shaping operation and the configuration
of the shaping device 12, FIG. 10A 1llustrates a configura-
tion example of the shaping device 12 according to this
modification, and FIGS. 10B and 10C illustrate an example
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ol a relation between necessity of a support layer 52 1n a
solid state and the shape of the shaped object 50.

DESCRIPTION OF EMBODIMENTS

The following describes an embodiment of the present
disclosure with reference to the drawings. FIGS. 1A to 1C
are diagrams 1llustrating an example of a shaping system 10
that executes a manufacturing method for a shaped object
according to an embodiment of the present disclosure. FIG.
1 A illustrates a configuration example of the shaping system
10. In this example, the shaping system 10 1s a shaping
system that shapes a three-dimensional shaped object (three-

dimensional shaping system), and includes a shaping device
12 and a control PC 14.

The shaping device 12 1s a device for manufacturing the
three-dimensional shaped object by depositing layers of
shaping material, and receives data indicating the shaped
object from the control PC 14 to shape the shaped object
based on the data. More specifically, 1n this example, the
shaping device 12 receives data in which weight and the
center ol gravity are set for the shaped object to be shape
(weight/center of gravity set data), and shapes the shaped
object 1n accordance with the data.

As described later in more detail, in this example, the
shaping device 12 shapes, for example, a shaped object
including a plurality of clearances (cavities) therein in
accordance with setting of the weight and the center of
gravity. The weight and the center of gravity of the shaped
object are adjusted by filling a filler in at least part of
clearances as needed. Setting and the like of the weight and
the center of gravity for the shaped object 1s described later
in more detail.

The control PC 14 1s a computer (host PC) for controlling
an operation of the shaping device 12. In this example, the
control PC 14 generates the weight/center of gravity set data
based on three-dimensional data indicating the shaped object
in a general-purpose data format, for example. In this case,
the control PC 14 receives an instruction for the setting of
the weight and the center of gravity from a manipulator
(operator) of the shaping system 10, for example, and
generates the weight/center of gravity set data based on the
instruction. The control PC 14 then transmits the generated
welght/center of gravity set data to the shaping device 12 to
cause the shaping device 12 to perform a shaping operation.

As described above, 1n this example, the shaping system
10 1s constituted of a plurality of devices, that 1s, the shaping
device 12 and the control PC 14. However, according to a
modification of the shaping system 10, the shaping system
10 may be constituted of one device. In this case, for
example, the shaping system 10 may be configured with one
shaping device 12 having a function of the control PC 14.

Subsequently, the following describes a specific configu-
ration of the shaping device 12. FIGS. 1B and 1C 1illustrate
a configuration example of a principal part of the shaping
device 12. FIGS. 1B and 1C schematically illustrate an
operation example of the principal part of the shaping device
12 for different timings during the shaping operation. In this
example, the shaping device 12 1s a device for shaping a
shaped object 50 using a deposition shaping method with an
ink-jet head, and separately includes a shaping part, a filling
part, and a filler selection part as 1llustrated 1n the drawings.
The deposition shaping method 1s, for example, a method of
shaping the shaped object 50 by depositing a plurality of
layers. The shaped object 50 1s, for example, a three-
dimensional three-dimensional structure.
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Among parts of the shaping device 12, the shaping part 1s
a portion for performing an operation of depositing the
shaping material. The filling part 1s a portion for performing
an operation of filling the filler in the clearance formed
inside the shaped object 50. The filler selection part 1s a
portion for performing an operation of selecting a filler to be
filled 1n the clearance. As a specific configuration for execut-
ing the operation of each part, in this example, the shaping
device 12 includes a head part 102, a shaping table 104, a
scan driving part 106, a tray 108, an adsorption unit 110, a
guide bar 112, and a control part 120.

Except the points described below, the shaping device 12
may have a configuration that is the same as or similar to that
of a known shaping device. More specifically, except the
points described below, the shaping device 12 may have, for
example, a configuration that 1s the same as or similar to that
of a known shaping device that performs shaping by ejecting
droplets to be material of the shaped object 50 using an
ink-jet head. In addition to the components illustrated 1n the
drawings, the shaping device 12 may further include various
components required for shaping the shaped object 50, for
example.

The head part 102 1s a portion for ejecting material of the
shaped object 50. In this example, 1k 1s used as the material
of the shaped object 50. In this case, for example, the 1nk
means liquid ejected from the ink-jet head. More specifi-
cally, in this example, the head part 102 includes a plurality
ol ink-jet heads. These mk-jet heads eject ik to be cured
depending on a predetermined condition as the matenial of
the shaped object 50. The head part 102 further includes an
ultraviolet light source that generates ultraviolet rays, and
irradiates landed ink with ultraviolet rays to cure the ink.
Due to this, each of the layers constituting the shaped object
50 1s formed by deposition on another layer, and the shaped
object 1s shaped using the deposition shaping method. In this
example, ultraviolet curable ink (UV 1nk) 1s used as the 1nk,
the ultraviolet curable ink to be cured from a liquid state due
to wrradiation of the ultraviolet rays.

The head part 102 further ejects material of a support
layer 52 1n addition to the matenal of the shaped object 50.
Accordingly, the shaping device 12 forms the support layer
52 around the shaped object 50 as needed. The support layer
52 1s, for example, a deposited structure that surrounds an
outer circumierence of the shaped object 50 being shaped to
support the shaped object 50. The support layer 52 1s formed
as needed at the time when the shaped object 50 1s shaped.,
and removed aifter a shaping process performed by the
shaping device 12 1s completed (after a depositing operation
1s completed). For convenience of illustration, FIGS. 1B and
1C collectively illustrate the shaped object 530 being shaped
and the support layer 52.

In this example, the ink used as the material of the shaped
object 50 1s an example of deposition material used for
deposition. In this case, the ink used as the maternal of the
shaped object 50 means, for example, ink other than the
material of the support layer 32. In this example, for
example, the head part 102 further includes a planarizing
module for planarizing a layer of the ink before the 1nk 1s
cured. As the planarizing module, for example, a roller and
the like can be preferably used, the roller planarizing the
layer of the ink by scraping off part of the ink before curing.

As the shaped object 50 shaped in this example, for
example, the shaping device 12 may shape the shaped object
50 the surface of which 1s colored. In this case, for example,
the head part 102 includes ink-jet heads for ink of respective
colors as basic colors (process colors) for color expression.
In this case, for example, 1t 1s preferable that the head part
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102 further include a light reflecting 1ink (for example, ink of
white color) used for forming a light reflecting region, and
an 1nk-jet head for colorless and transparent clear ink. In this
case, the light retlecting region 1s formed 1nside the colored
region of the surface of the shaped object 50. The head part
102 may further include, for example, an 1nk-jet head for ink
dedicated for shaping used for forming an inner part of the
shaped object 50.

The shaping table 104 1s a table-like member that supports
the shaped object 50 being shaped, and the shaped object 50
being shaped 1s placed on an upper surface of the shaping
table 104. At the time of forming the layer of the ink, as
illustrated 1n FIG. 1B for example, the shaping table 104
supports the shaped object 50 to be opposed to the head part
102 1n the shaping part of the shaping device 12. In this
example, the shaping table 104 has a configuration 1n which
at least the upper surface thereof 1s movable 1n a deposition
direction (Z-direction 1n the drawing). When being driven by
the scan driving part 106, the shaping table 104 moves at
least the upper surface 1n accordance with progress of the
shaping of the shaped object 50. In this case, for example,
the deposition direction means a direction i which the
shaping material 1s deposited in the deposition shaping
method. More specifically, in this example, the deposmon
direction 1s a direction orthogonal to a main scanmng
direction (Y-direction in the drawing) and a sub-scanning
direction (X-direction i the drawing).

In this example, the shaping table 104 1s movable also 1n
an 1n-plane direction orthogonal to the deposition direction.
For example, at the timing when the filler 1s filled 1n the
clearance within the shaped object 50, as 1llustrated in FIG.
1C for example, the shaping table 104 leaves the position
opposed to the head part 102 and moves to the filling part.
Accordingly, in the filling part, the shaped object 50 1s
caused to be opposed to the adsorption unit 110.

The scan driving part 106 1s a driving unit that causes the
head part 102 to perform a scanning operation ol moving,
relatively to the shaped object 530 being shaped. In this case,
“moving relatively to the shaped object 50 being shaped”
means, for example, to move relatively to the shaping table
104. The phrase of “causes the head part 102 to perform a
scanning operation” means, for example, to cause the ink-jet
head included 1n the head part 102 to perform the scanning
operation. In this example, the scan driving part 106 causes
the head part 102 to perform a main scanning operation
(Y-scanning), a sub-scanning operation (X-scanning), and a
deposition direction scanning (Z-scanning).

The main scanning operation means, for example, an
operation ol ¢jecting the ink while moving in the main
scanning direction. The sub-scanning operation means, for
example, an operation of moving relatively to the shaping
table 104 in the sub-scanning direction orthogonal to the
main scanning direction. The deposition direction scanning,
means, for example, an operation of moving the head part
102 i the deposition direction relatively to the shaped
object 50. The shaping table 104 moves at least one of the
head part 102 and the shaping table 104 to cause the head
part 102 to perform these scanning operations.

In this example, the scan driving part 106 further moves
the shaping table 104, the adsorption unit 110, and the like
at the time when the operation of filling the filler in the
clearance of the shaped object 50 1s performed, for example.
More specifically, at the time when the operation of filling
the filler 1n the clearance 1s performed, as 1llustrated 1n FIG.
1B for example, the scan driving part 106 causes the
adsorption unit 110 to adsorb the filler (fillers 62a and 625

in the drawing) in the filler selection part. After adsorption,
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as 1llustrated 1n FIG. 1C, the adsorption unit 110 1n a state
of holding the filler 1s moved to the filling part. In accor-
dance with the movement of the adsorption umt 110, the
scan driving part 106 further moves the shaping table 104
supporting the shaped object 50 being shaped to the filling
part. Accordingly, the shaped object 50 1s caused to be
opposed to the adsorption unit 110 in the filling part. By
aligning a position of the filler held by the adsorption unit
110 with the clearance formed within the shaped object 50,
and stopping adsorption of the filler and the like performed
by the adsorption unit 110, the filler 1s arranged in the
clearance.

For example, 1n a case of forming the clearance in which
the filler 1s not filled 1s formed 1n the shaped object 50, the
scan driving part 106 causes the adsorption unit 110 to
adsorb a l1d 60 1n place of the filler. In the filling part, the l1id
60 1s arranged to block (cover) the opening of the clearance.
In this case, the opening of the clearance means an opening
that opens upward in the deposition direction.

The tray 108 1s a holding part that holds the lid 60, the
fillers 62a and 625b, and the like 1n the filler selection part.
In this case, as described above, the lid 60 1s a member for
blocking the opening of the clearance within the shaped
object 50 as needed. The fillers 62a and 6256 are members to
be put 1n the clearance within the shaped object 50. In this
example, the tray 108 holds, as the fillers 62a and 625, fillers
having a specific gravity diflerent from that of respective
types of ik as the material of the shaped object 50. In this
case, “fillers having a specific gravity different from that of
respective types ol ink” means, for example, that the weight
of the filler 1s different from that in a case 1n which an object
having the same shape as the filler 1s formed with the
respective types of ink.

In this example, fillers having different weights are used
as a plurality of types of fillers 62a and 625b. In this case, for
example, a filler having a specific gravity smaller than that
of the respective types of ink may be used as one of a
plurality of types of fillers 62a and 625, and a filler having
a specific gravity larger than that of the respective pieces of
ink may be used as the other one thereof. With this con-
figuration, for example, the weight and the specific gravity
of the shaped object 50 can be appropnately adjusted 1n
more diverse ways.

For convenience of illustration, FIGS. 1B and 1C simpli-
fies and 1illustrates the shape of the fillers 62a and 625 1n a
rectangular parallelepiped shape. However, it 1s preferable
that the shape of the fillers 62a and 625 be matched with the
shape of the clearance, for example. The shape of the
clearance and the like 1s described later 1n more detail.

The adsorption unit 110 has a configuration of adsorbing
and moving the 1id 60 or the fillers 62a and 625 held by the
tray 108. In this example, as described above, the adsorption
unit 110 adsorbs the lid 60 and the fillers 62a and 6256 held
by the tray 108 1n the filler selection part to be moved to the
filling part. In the filling part, the adsorption unit 110 also
arranges the lid 60 on an upper part of the clearance within
the shaped object 50, and arranges the fillers 62a and 626 1n
the clearance.

In this example, the adsorption unit 110 moves along the
guide bar 112 when being driven by the scan drniving part
106. The guide bar 112 i1s a rod-like member that guides
movement ol the adsorption unit 110. In this example, the
guide bar 112 extends in the sub-scanning direction, and
guides the movement of the adsorption unit 110 in the
sub-scanning direction.

The control part 120 1s, for example, a CPU of the shaping
device 12, and controls the respective parts of the shaping
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device 12 to control the shaping operation of the shaped
object 50. In this example, the control part 120 forms a
plurality of clearances within the shaped object 50 based on
the weight/center of gravity set data received from the
control PC 14. The control part 120 arranges the filler in at
least some of the clearances as needed. Accordingly, the
control part 120 causes the shaping device 12 to shape the
shaped object 50 1n a state 1n which the weight and the center
of gravity are adjusted. In this case, “to shape the shaped
object 50 in a state in which the weight and the center of
gravity are adjusted” means, for example, to shape the
shaped object 50 1n a state 1n which the weight and the center
of gravity are diflerent from those in a case in which the
shaped object 50 1s shaped without forming the clearance
therein, based on the setting of the weight and the center of
gravity recerved from the manipulator of the shaping system
10. In this example, for example, the shaped object can be
more appropriately manufactured by adjusting the weight
and the like of the shaped object.

In the above description, mainly described 1s a case in
which the shaping device 12 is configured such that the lid
60 and the fillers 62a and 625 are automatically arranged by
the adsorption unit 110. In this case, 1n the middle of the
shaping operation, the operation of depositing the layer of
the ink 1s temporarily stopped in the shaping part at the
timing when the clearance 1s formed. The lid 60 and the
fillers 62a and 6254 are then arranged 1n the filling part. After
the Iid 60 and the like are arranged, the operation of
depositing the layer of the ik 1s continued in the shaping
part. According to a modification of the configuration of the
shaping device 12, for example, the lid 60 and the fillers 62a
and 626 may be manually arranged by the manipulator. In
this case, for example, the operation of depositing the layer
of the ink may be appropriately interrupted to arrange the Iid
60 and the fillers 62a and 625b.

Subsequently, the following describes the shaped object
50 manufactured 1n this example 1n more detail. FIGS. 2A
to 2C are diagrams for explaining the shaped object 50 in
more detail. FIG. 2A 1s a diagram 1llustrating a configuration
example of the shaped object 50 manufactured by using a
conventional method, and simplifies the configuration
example of a cross section orthogonal to the sub-scanning
direction of the shaped object 50 to be 1llustrated.

In a case of manufacturing the shaped object 50 with the
shaping device, the shaped object 50 may be shaped 1in
various shapes like the shaped object 50 having a bird shape
as 1llustrated 1n the drawing. In this case, 11 the shaped object
50 1s simply shaped, for example, the entire shaped object 50
typically becomes a model part 202 as illustrated in the
drawing. In this case, the model part 202 of the shaped
object 50 1s a portion formed with the ink as the shaping
material of the shaped object 50. The model part 202 can be
considered to be, for example, a region made of stufl used
for shaping (shaping stuil).

However, when the shaped object 50 1s shaped as
described above, the center of gravity may be unbalanced
depending on the shape of the shaped object 50, and the
shaped object 50 may fall when being arranged i1n an
essential posture. In this case, “arranging the shaped object
50 1 an essential posture” means to arrange the shaped
object 50 1n an essential posture of a target expressed by the
shaped object 50 as 1n a case of arranging the shaped object
50 1n a posture like a standing bird when the shaped object
50 having a bird shape 1s shaped, for example.

Regarding the problem of the center of gravity, as illus-
trated 1n the drawing for example, balance of the entire
shaped object 50 may be adjusted by forming a base at the
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lowermost part of the shaped object 50. However, in this
case, the shaped object 50 may be easily broken if there 1s
an unbalanced portion other than the base. More specifically,
as 1llustrated 1n the drawing for example, 1n a case of shaping
the shaped object 50 having a bird shape, a leg part of the
bird 1s a thin portion, so that the leg part may be easily
broken due to influence of the weight of a portion upper than
the leg part.

In addition to the problem of the center of gravity, for
example, the weight itsell of the shaped object 50 may
become a problem. For example, as illustrated 1n FIG. 2A,
in a case of shaping the shaped object 50 using a conven-
tional method, the weight of the shaped object 50 1s deter-
mined based on the specific gravity of the ink used for
shaping and the size of the shaped object 50. In this case, as
the size of the shaped object 50 increases, the weight 1s
increased accordingly. However, depending on the use of the
shaped object 50, there may be a case 1n which the weight
of the shaped object 50 may be desired to be heavier, or
desired to be lighter, and the like.

In this example, as described above, the weight and the
center of gravity of the shaped object 50 are adjusted by
forming a plurality of clearances within the shaped object 50
and filling the filler 1n at least some of the clearances as
needed. FIG. 2B 1s a diagram illustrating a configuration
example of the shaped object 50 shaped in this example, and
illustrates a simplified configuration example of a cross
section orthogonal to the sub-scanning direction of the
shaped object 50 as an example. FIG. 2C illustrates a shape
of the clearance formed 1n this example.

As described above, 1n this example, the shaping device
12 (refer to FIGS. 1A to 1C) shapes the shaped object 50
including a plurality of clearances therein. In this case, the
clearance 1s a portion other than the model part 202 1nside
the shaped object 50. More specifically, 1n this example, a
plurality of types of clearances 204a to 204d are formed
inside the shaped object 50. Among these, the clearances
204a to 204c¢ are clearances formed inside a main body
portion of the shaped object 50, and formed to have the same
shape. In this case, the main body portion of the shaped
object 50 means a portion obtained by removing an addi-
tional portion such as a base from the entire shaped object
50. The phrase of “the clearances have the same shape”
means, for example, wall surfaces (side surfaces) surround-
ing the clearances have the same shape.

As 1llustrated 1n the drawing, 1n this example, the shapes
of all the clearances formed 1n the main body portion of the
shaped object 50 are fixed to be the same. With this
configuration, for example, the shaping operation can be
appropriately prevented from being complicated by stan-
dardizing the operation of forming the clearance. In this
case, for example, a design operation of generating the
welght/center of gravity set data can be more simplified. By
forming a large number of small clearances having a fixed
shape, for example, the weight and the center of gravity of
the shaped object 50 can be finely adjusted more appropri-
ately. For example, as the filler to be filled 1n the clearance,
the filler having a certain shape can be used 1 common.
Additionally, 1n a case of automatically arranging the lid on
the clearance or arranging the filler in the clearance like a
case of using the shaping device 12 in this example, control
can be more facilitated by causing the shapes of the clear-
ances to be the same.

In this example, the clearance within the shaped object 50
1s formed without using the support layer. Thus, as 1llus-
trated 1n FIG. 2C as a clearance 204, the clearance 1s formed
in a shape such that the side surface thereol does not
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overhang 1n the deposition direction. In this case, “does not
overhang” means that an angle 0 illustrated in the drawing
1s equal to or smaller than about 90°.

In this example, internal states of the clearances 2044 to
204¢ are made different from each other to cause the weight
at positions of the clearances to be different from each other.
As 1llustrated 1n the drawing, a plurality of clearances are
formed as the clearances 204a to 204¢. With this configu-
ration, for example, the weight and the center of gravity of
the shaped object 530 can be appropriately adjusted.

More specifically, among the clearances 204a to 204¢, the
clearance 204a 1s a clearance to be empty. In this case,
“clearance to be empty” means that the clearance becomes
empty 1n a state 1n which at least all processes related to
shaping of the shaped object 50 are completed. Additionally,
“clearance becomes empty” means a state 1n which another
substance and the like are not intentionally filled in the
clearance and only surrounding air and the like enter the
clearance. By forming such an empty clearance 204a within
the shaped object 50, for example, the weight of the shaped
object 50 can be reduced.

The ultraviolet curable 1nk used as the material of the
shaped object 50 1n the deposition shaping method has the
specific gravity of, for example, about 1 to 1.2 1n a state of
cured resin. Thus, when the empty clearance 204q 1s formed,
the weight of the shaped object 50 can be reduced at a rate
of about 1 to 1.2 g (gram) per capacity of 1 cm”. In this case,
by forming the empty clearance 204a inside part of the
shaped object 50, for example, the center of gravity of the
shaped object 50 can be adjusted.

In a case of forming the clearance nside the shaped object
50, the layer of the 1nk 1s required to be turther deposited on
the clearance. Thus, 1n this example, 1n a case of forming the
empty clearance 204qa, the opening of the clearance 204a 1s
blocked with the l1d 60 as described above. In this case, after
the clearance 2044 1s formed, the opening of the clearance
204a 1s blocked with the lid 60, and the ink i1s further
deposited on the 11id 60. With this configuration, for example,
the empty clearance 204a can be appropriately formed
inside the shaped object 50. As the clearance 204a, for
example, a clearance on which only the lid 60 1s arranged
and the filler 1s not arranged can be considered.

The clearances 2045 and 204¢ are clearances to be filled
with the filler. Among these, the clearance 2045 1s a clear-
ance 1 which a light filler having a specific gravity smaller
than that of the ink used for forming the model part 202 1s
arranged. In this example, the filler arranged in the clearance
2045 1s, Tor example, one of the fillers 62a and 625 (refer to
FIGS. 1A to 1C). By forming such a clearance 2045, the
weilght of part of the shaped object 530 can be reduced 1n a
state 1n which the weight 1s increased as compared with that
in a case of forming the empty clearance 204a.

The clearance 204c¢ 1s a clearance 1n which a heavy filler
having a specific gravity larger than that of the ink used for
forming the model part 202 1s arranged. In this example, the
filler arranged 1n the clearance 204c¢ 1s, for example, the
other one of the fillers 62a and 625. By forming such a
clearance 204¢, the weight of part of the shaped object 50
can be increased as compared with a case of the model part
202.

As the filler to be arranged in the clearance 204c¢, for
example, a filler made of metal and the like may be used.
More specifically, for example, a filler made of steel having
a specific gravity of about 7 to 8 may be used. In this case,
by arranging the filler in the clearance 204c¢, the weight of
the shaped object 50 can be increased at a rate of about 6 to
7 g (gram) per capacity of 1 cm”. As the filler for the
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clearance 204c¢, for example, a filler made of aluminum
having a specific gravity of about 2.7 may be used. In this
case, by arranging the filler in the clearance 204¢, the weight
of the shaped object 50 can be increased at a rate of about
1.5to 1.7 g (gram) per capacity of 1 cm”. As the filler for the
clearance 204c¢, for example, a filler made of stainless steel
(SUS) may be used.

As 1llustrated 1n the drawing, in this example, a filler
having a shape matched with the clearances 2045 and 204c¢
1s used as the filler for the clearances 2045 and 204c¢. In this
case, the layer of the ik can be formed on the clearances
204b and 204c¢ even if the Iid 60 1s not arranged, for
example. Thus, i1n this example, the layer of the ink 1is
formed on the filler of the clearances 2045 and 204 ¢ to block
the opening without using the lid 60.

Among the clearances formed 1n the shaped object 50, the
clearance 2044 1s a clearance formed 1nside a portion that 1s
formed as a base of the shaped object 50. In this case, the
base of the shaped object 50 1s, for example, a portion that
supports the entire shaped object 50 at the lowermost part 1n
a gravity direction when the shaped object 50 1s arranged 1n
a predetermined orientation. In this case, to stably support
the shaped object 50, the base portion 1s preferably formed
to be sufliciently heavy. With this configuration, for
example, horizontal stability can be appropriately improved
by lowering the center of gravity of the entire shaped object
50.

It 1s suihicient that the weight of the base portion be
increased, and fine adjustment and the like are not required.
Thus, 1n this example, the shape of the clearance 204d 1s
made different from that of the other clearances 2044 to 204c¢
to be a larger clearance. For example, similarly to the
clearance 204c¢, a heavy filler having a large specific gravity
1s arranged 1n the clearance 2044

As the filler to be arranged in the clearance 2044, a larger
filler having a shape different from that of the filler for the
clearances 2045 and 204¢ may be used 1n accordance with
the shape of the clearance. In this case, the tray 108 of the
shaping device 12 (refer to FIGS. 1A to 1C) further holds the
filler for the clearance 2044, for example. The large filler for
the clearance 2044 may be manually arranged by the
mampulator during the shaping operation, for example. In
the clearance 204d, for example, a plurality of fillers having
the same shape as that of the filler for the clearances 2045
and 204¢ may be arranged.

By forming the clearances 204a to 204d as described
above, for example, the weight and the center of gravity of
the shaped object 50 can be appropnately changed. By
changing the number or distribution thereof, the weight and
the center of gravity of the shaped object 50 can be appro-
priately adjusted.

More specifically, 1n a case 1llustrated in the drawing, the
shaped object 30 1s divided into four regions A to D
sequentially from the bottom in a weight direction, and the
weight of a lower portion 1s increased and the weight of an
upper portion 1s reduced. For example, the region A includ-
ing the base and the lowermost portion of the main body 1s
formed to have the specific gravity of about 2 to 6, for
example, by forming the clearances 204¢ and 204d. The
region B above the region A 1s formed, for example, to have
a specific gravity of about 1 to 1.2, that 1s, original specific
gravity of the model part 202 by not forming the clearance.
The region C above the region B 1s formed to have a specific
gravity of about 0.2 to 0.6, for example, by forming the
clearance 2045b. The further upper region C 1s formed to have
a specific gravity of about 0.1 to 0.4, for example, by
forming the clearance 204aq. With this configuration, the
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shaped object 50 the center of gravity of which 1s low can
be appropnately shaped 1n a stable state.

Regarding the weight and the center of gravity of the
shaped object 50, FIG. 2B simply illustrates a case 1n which
the weight of a lower portion 1s increased and the weight of
an upper portion 1s reduced. However, the weight and the
center of gravity of the shaped object 50 may be set in more
detail 1n accordance with a target expressed by the shaped
object 30. More specifically, for example, 1n a case of
creating three-dimensional data (original data) indicating the
shaped object 50 by photography using a 3D scanner, for
example, the shaping process may be performed so that the
weight of the shaped object 50 1s matched with the weight
ol an object to be measured by the 3D scanner. In this case,
if the shaping 1s performed by reducing or enlarging a
measurement result, for example, the shaping maybe per-
formed by scaling the weight 1n accordance with magnifi-
cation thereotf. The center of gravity of the shaped object 50
may be set in accordance with the object to be measured.

In a case of creating the original data using CAD, for
example, the weight and the center of gravity that are
preferable may be assumed based on the specific gravity, a
capacity, and the like of original material for the target to be
expressed by the shaped object 50. Also 1n this case, 1t the
shaping 1s performed by reducing or enlarging the measure-
ment result, the shaping maybe performed by scaling the
weilght 1n accordance with magnification thereof. The center
of gravity of the shaped object 50 may be set 1n accordance
with the center of gravity assumed as described above.

As the shaping operation of the shaped object 50 1n this
example, for example, there may be an operation of forming
at least part of the shaped object 50 1n a state of including
the clearances 204a to 2044 as described above therein, and
matching the weight thereol with a setting weight set in
advance. In this case, the setting weight 1s, for example,
weight set to at least part of the shaped object 50. For
example, the setting weight 1s set to be a weight different
from a filling weight that 1s weight in a case of forming at
least part of the shaped object 50 without forming the
clearance. In this case, by forming the empty clearance
204q, the clearances 2045 and 204¢ in which the filler
having the specific gravity diflerent from that of the model
part 202 1s arranged, and the like, the shaped object 50 1s
shaped so that the respective parts of the shaped object 50
are matched with the setting weight.

In this example, by forming the clearance within the
shaped object 50, for example, the ink to be used for shaping
can be saved. More specifically, in a case of shaping the
shaped object 50 without forming the clearance, for
example, an internal region that 1s less important than
surroundings of a surface of an external appearance 1s also
tformed with expensive material (1ink). In a case of forming
the clearance within the shaped object 50, for example, the
use amount of the ik can be appropriately reduced by
emptying the clearance. In a case of filling the clearance
with the filler, for example, material the cost of which 1s
lower than that of the ink can be used. Thus, according to
this example, production cost for the shaped object 50 can
also be reduced, for example.

Subsequently, the following describes an operation of
setting the weight and the center of gravity of the shaped
object 50 1n more detail. FIGS. 3A and 3B are diagrams for
explaining the operation of setting the weight and the center
of gravity of the shaped object 50. FIG. 3A 1s a functional
block diagram 1llustrating a function of the shaping system
10. FIG. 3B 1s a diagram 1llustrating an example of setting
of the center of gravity in this example.
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FIG. 3A 1s a diagram schematically illustrating various
functions of the shaping system 10 related to the operation
of setting the weight and the center of gravity of the shaped
object 50. Thus, each block does not necessarily correspond
to a physical configuration (for example, a unit of an
clectronic circuit). Among blocks illustrated 1n FIG. 3A, a
block indicating shaping represents, for example, a function
of the shaping device 12 (refer to FIG. 1A). A block
indicating a function other than shaping represents, for
example, a function of the control PC 14 (refer to FIGS. 1A
to 1C). According to a modification of the configuration of
the shaping system 10, at least some of the functions other
than shaping may be executed by the shaping device 12.

As described above 1n relation to FIGS. 1A to 1C, 1n this
example, the control PC 14 generates the weight/center of
gravity set data based on the three-dimensional data indi-
cating the shaped object 50 to be shaped by the shaping
device 12. In this case, the control PC 14 iputs the
three-dimensional data as original data for shaping through
an operation ol CAD soltware or by receiving the three-
dimensional data from a client server, for example. The
control PC 14 calculates the weight of the shaped object 50
in a case 1n which shaping 1s performed using the original
data as 1t 1s (calculation of original data weight) based on the
input three-dimensional data (original data).

In this example, the control PC 14 further receives an
instruction for setting the weight and the center of gravity of
the shaped object 50 from the manipulator. More specifi-
cally, in this case, the manipulator sets the weight of the
shaped object 50 to be weight that 1s finally desired (weight
setting). In this case, “weight that 1s finally desired” means
the weight of the final shaped object 50 (the weight of the
entire shaped object 50) at the time when shaping 1s com-
pleted.

The manipulator further sets a direction of the center of
gravity of the shaped object 50 that 1s finally desired (setting
of the center of gravity). In this case, “direction of the center
of gravity that 1s finally desired” means a direction of the
center of gravity matched with an orientation 1n which the
shaped object 50 1s arranged after shaping 1s completed.
More specifically, the center of gravity 1s set by selecting, as
an end, a side of any of XYZ directions including the
sub-scanning direction (X-direction), the main scanning
direction (Y-direction), and the deposition direction (Z-di-
rection), for example. That 1s, 1mn this case, any of six
directions including +X, =X, +Y, =Y, +7, and -7 1s selected.
In this case, for example, -7 1s selected 1n a case of shaping
the shaped object 50 in an orientation represented by a
reference sign A 1n FIG. 3B, and +Y 1s selected 1n a case of
shaping the shaped object 30 in an orientation represented
by a reference sign B.

After the weight and the center of gravity are set by the
mampulator, the control PC 14 calculates a difference
between the weight corresponding to the original data and
the weight that has been set (setting weight) (calculating a
difference between the original data weight and the setting
weight). The control PC 14 then performs arithmetic opera-
tion and control for adding the clearance or the filler ito the
shaped object 50 based on the calculation result, and gen-
crates the weight/center of gravity set data to be supplied to
the shaping device 12 (data control).

More specifically, 1n this case, the control PC 14 selects
the shape and the number of clearances required for elimi-
nating the difference based on the calculated difference in
weilght, for example (selecting the shape and the number of
clearances). In this case, for example, the shape and the
number of clearances are selected by reading out the shape
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of the clearance to be used from a clearance shape memory
storing shapes of a plurality of types of clearances prepared
in advance. For each clearance, necessity of arrangement of
the filler 1s determined, and the type of filler to be used 1n a
case of arranging (filling) the filler 1s selected (filler selec-
tion). Due to this, the filler 1s allocated to each of the
clearances, for example. In this case, the filler 1s allocated,
for example, by reading out and utilizing the weight, the
shape, and the like of the filler from a filler weight memory
storing the weight, the shape, and the like for each of a
plurality of types of fillers prepared in advance. In this
example, a filler shape memory further stores the shape of
the lid covering the opening of the clearance to be empty.
The l1d 1s allocated to the clearance to be empty based on the
shape and the like of the lid read out from the filler shape
memory.

After the weight of the shaped object 530 1s matched with
the setting weight by determining the shape and the number
of clearances and the filler to be used, the direction of the
center of gravity 1s adjusted by adjusting or selecting the
position at which the clearance 1s formed, for example
(selecting the position at which the center of gravity i1s
adjusted). In this case, the direction of the center of gravity
1s adjusted by arranging the clearance 1n which a heavy filler
1s filled 1n the direction of the center of gravity and arranging
the clearance 1n which a light filler 1s filled 1n a direction
opposite to the direction of the center of gravity, for
example, 1n accordance with the direction of the center of
gravity set by the manipulator.

After adjusting the weight and the center of gravity as
described above, the control PC 14 generates the weight/
center of gravity set data in which the setting for the
clearance and the filler 1s performed in accordance with an
adjusted state. The control PC 14 then outputs the generated
data to the shaping device 12 (output the weight/center of
gravity set data). Due to this, the control PC 14 causes the
shaping device 12 to shape the shaped object 50 the weight
and the center of gravity of which are adjusted (shaping).
According to this example, for example, the shaped object
50 can be more appropriately manufactured by adjusting the
weight and the center of gravity of the shaped object 50.

In the above description, one example 1s specifically
described for the operation of setting the weight and the
center of gravity of the shaped object 50. However, a specific
operation of setting the weight and the center of gravity 1s
not limited to the operation described above, and may be
variously modified. For example, a weight setting operation
of setting the weight may be more generalized, for example,
to be an operation of setting a desired setting weight to at
least part of the shaped object 50. The operation of setting
the center of gravity may be considered to be an operation
of receiving, from the user, the instruction for the center of
gravity as an instruction for designating the direction of the
center ol gravity of the shaped object 50, for example.

In the above description, mainly described 1s an operation
of automatically adjusting the weight and the center of
gravity by the control PC 14. However, according to a
modification of the operation of the shaping system 10, for
example, the weight and the center of gravity may be
manually adjusted through an operation performed by the
manipulator. In this case, for example, the weight and the
center of gravity of the shaped object 50 may be adjusted
when the manipulator himselt/herself determines the shape
and the number of clearances, the filler to be used, and the
position of the clearance.

Subsequently, the following describes a modification of
the shaped object 50 shaped by the shaping system 10 and
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a modification of the shaping operation performed by the
shaping system 10. FIGS. 4 A to 4C 1llustrate a modification
of the configuration of the shaped object 50. Except the
points described below, 1n FIGS. 4A to 4C, a component
denoted by the same reference numeral as that in FIGS. 1A
to 3B may have a characteristic that 1s the same as or similar
to that of the component 1n FIGS. 1A to 3B.

In the above description, mainly described 1s a configu-
ration 1n which the filler having the shape matched with the
shape of the clearance 1s arranged 1n the clearance 1n a case
in which the clearance 1s not kept empty. However, accord-
ing to the modification of the configuration of the shaped
object 50, for example, an object having a smaller size than
that of the clearance may be arranged 1n the clearance. In this
case, for example, a substance may be arranged so that the
object can move within the clearance.

More specifically, FIGS. 4A to 4C 1llustrate a configura-
tion example of the shaped object 50 1n a case of shaping a
lure to be used for fishing as the shaped object 50. FIG. 4A

illustrates a configuration example of the shaped object 50
used as the lure. For convenience of illustration, FIG. 4A
transparently illustrates a state of the clearance 204 formed
inside the shaped object 50 using a dashed line.

As 1llustrated in the drawing, in this modification, a resin
portion to be a main body of the lure 1s formed by depositing
the layer of the ik, and a metal ball as a weight 72 1s put
in the clearance 204 formed inside the resin portion, the
weight 72 being an object having a size smaller than that of
the clearance 204. To facilitate the movement of the weight
72 within the clearance 204 as a movement space for the
weight 72, a hollow frame body 70 1s arranged within the
clearance 204, and the weight 72 1s put therein. As the frame
body 70, for example, a frame body formed as a thin metal
plate ({or example, an SUS thin plate) can be preferably
used. As illustrated in the drawing, a plurality of weights 72
are put 1n the frame body 70.

With this configuration, 1n a state after the shaping 1s
completed (at the time when the lure 1s used, for example),
the weight 72 1n the clearance 204 moves within the clear-
ance 204 in accordance with the orientation of the shaped
object 50. In this case, the center of gravity of the shaped
object 50 moves (varies) 1in accordance with the movement
of the weight 72. More specifically, at the time when the
shaped object 50 as the lure 1s used, a fishing line 1s
connected to a head part of the lure as illustrated in the
drawing. In this case, when the fishing line 1s pulled, the lure
main body moves forward (1n a head part direction), but the
weight 72 within the lure moves (remains) rearward (1n a tail
part direction) due to inertia. As a result, the center of gravity
moves rearward, and the tail part of the lure moves down.
When pulling of the fishing line 1s stopped, the lure main
body stops due to resistance of water, but the weight moves
forward (1n the head part direction) due to inertia. As a
result, the center of gravity moves forward, and the head part
moves down. When such an operation 1s repeated, the lure
pitches (moves upward and downward), and can entice
fishes.

FIG. 4B 1s a diagram for explaining the operation of
shaping the shaped object 50 1llustrated 1n FIG. 4A 1n more
detail, and illustrates a configuration of a cross section (cross
section AA) corresponding to a portion represented by an
alternate long and short dash line in FIG. 4A. FIG. 4C 15 a
perspective view 1llustrating the frame body 70 and the
weilght 72 to be arranged 1nside the shaped object 50 1n more
detail.

In a case of shaping the shaped object 530 according to this
modification, the frame body 70 and the weight 72 are put
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in the clearance 204 in the middle of the operation of
depositing the layer of the ink, and the layer of the ink 1s
turther formed thereon. More specifically, 1n this case, as
illustrated 1n FIG. 4B for example, the depositing operation
1s temporarily stopped at the timing when the layer of the 1nk
1s deposited until the model part 202 1s formed around a
region as the clearance 204, and the frame body 70 and the
weight 72 are arranged 1n the clearance 204. After this
arrangement, deposition of the layer of the ink 1s started
again, and the model part 202 is further formed on the frame
body 70 1n the deposition direction. With this configuration,
the shaped object 50 the center of gravity of which moves
can be appropriately shaped. Accordingly, for example,
various shaped objects 50 can be more appropriately shaped.

Subsequently, the following describes a modification of
the configuration of the empty clearance 204 and the method
of forming the clearance 204. FIGS. 5A and 5B are diagrams
for explaining another modification of the shaped object 50,
and 1illustrate an example of the configuration of the clear-
ance 204 and the method of forming the clearance 204 1n a
case ol forming the empty clearance 204 without using the
lid 60 (refer to FIGS. 1A to 1C). FIG. SA illustrates a
configuration example of the shaped object 50 according to
this modification. FIG. 5B illustrates another example of the
configuration of the shaped object 50 according to this
modification.

Except the points described below, in FIGS. 5A and 5B,
a component denoted by the same reference numeral as that
in FIGS. 1A to 4C may have a characteristic that 1s the same
as or similar to that of the component in FIGS. 1A to 4C. In
FIGS. 5A and 5B, FIG. SA 1s a diagram 1illustrating the
configuration of the shaped object 50 1n a more simplified
manner, and 1llustrates an example of a configuration of a
cross section orthogonal to the sub-scanning direction of the
shaped object 530 as an example. FIG. 3B i1s a diagram
illustrating the configuration of the shaped object 50 includ-
ing a more detailed portion than FIG. 5A, and 1llustrates an
example of a configuration of a cross section orthogonal to
the main scanning direction and a configuration of a cross
section orthogonal to the deposition direction of the shaped
object 50 having a pear shape that 1s diflerent from the shape
of the shaped object 50 illustrated 1n FIG. SA. For conve-
nience of illustration, FIGS. 5A and 5B 1llustrate only empty
clearances 204 as clearances 204 within the shaped object
50. However, 1n another modification of the configuration of
the shaped object 50, the clearance 204 including the filler
arranged therein may be further formed similarly to the
shaped object 50 illustrated 1n FIGS. 2A to 2C, for example.

In this modification, the empty clearance 204 i1s formed
without using the lid and the like for blocking the opening
of the clearance 204. In this case, filling material as a
substance different from the ink used as the deposition
material 1s used, the clearance 204 1s temporarily filled with
the filling material in the middle of the shaping operation,
and the filling matenal 1s removed thereafter to form the
empty clearance 204 without using the lid. More specifi-
cally, in this case, in the operation of shaping the shaped
object 50 including the clearance 204 therein by depositing
the layer of the ik, for example, the depositing operation 1s
interrupted, and the filling material 1s filled 1n the clearance
204 to form the clearance 204 1n a state of being filled with
the filling matenial. The 1nk 1s further deposited on the filling
material 1n the clearance 204. These operations are repeated
as needed. By removing the filling material 1n the clearance
204 during a period until the shaped object 50 1s completed,
the shaped object 50 1s formed so that the clearance 204 1s

empty.
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In this case, although not illustrated in FIG. 5A, 1t 1s
preferable to form a hole communicating the inside of the
clearance 204 to the outside of the shaped object 50 like a
filler discharging hole 212 in FIG. 5B, for example. In this
case, the hole such as the filler discharging hole 212 1s a
through hole passing from a surface of the shaped object 50
through the model part 202 to reach the inside of the
clearance 204. With this configuration, for example, the
filling material can be approprniately removed through the
hole such as the filler discharging hole 212.

In this case, as the filling material, 1t 1s preferable to use
fluid material that can be removed through the hole, for
example. In this case, for example, the fluid material means
a substance that keeps fluidity even at the timing when the
shaping 1s completed, differently from the ink and the like
used for forming the model part 202. The fluid material may
be a substance that keeps fluidity within the clearance 204,
for example. More specifically, 1n this modification, the fluid
material 1s a substance present 1n a liquid state within the
clearance 204. In this case, at the time when the layer of the
ink 1s deposited on the clearance 204, the layer of the 1nk 1s
deposited on the fluild material 1n a state of filling the
clearance 204 with the fluid material. With this configura-
tion, the clearance 204 to be empty after the fluid material
1s removed can be appropriately formed.

To appropnately remove the filling material such as the
fluid material, as illustrated 1n FIG. 5B, 1t 1s preferable to
further form a hole used as an air injection hole 210 1n
addition to the hole used as the filler discharging hole 212.
The air mjection hole 210 1s a through hole that communi-
cates the outside of the shaped object 50 with the mnside of
the clearance 204 at a position different from that of the filler
discharging hole 212. With this configuration, at the time
when the filling material 1s removed from the clearance 204,
the filling material can be more easily and appropnately
removed by supplying air through the air injection hole 210
with a pump, for example. To remove the filling material, for
example, a side of the filler discharging hole 212 may be
suctioned with a syringe and the like. Also in this case, the
filling material can be more easily and appropnately
removed by causing the air to enter the shaped object 50
from the outside through the air injection hole 210. At the
time of removing the filling maternial, for example, the
following processes may be both performed: supplying the
air through the air injection hole 210 using a pump and the
like; and suctioming the side of the filler discharging hole
212 using a syringe and the like.

The air mnjection hole 210 and the filler discharging hole
212 are preferably formed not to be conspicuous on the
surface of the shaped object 50. In this case, the hole
preferably has a minimum required size. The air injection
hole 210 and the filler discharging hole 212 may be formed
at the time of depositing the layer of the ink similarly to the
clearance 204, for example, and may be formed with a drill
and the like after the deposition operation 1s completed.

As the hole used for removing the filling matenal, two or
more holes are preferably formed for the entire shaped
object 50 like the air imjection hole 210 and the filler
discharging hole 212 1n FIG. 5B, for example. In this case,
as 1llustrated 1in FIGS. 5A and 5B, with a configuration 1n
which a plurality of clearances 204 are connected to each
other when adjacent clearances 204 are brought into contact
with each other, the number of holes formed in the shaped
object 50 can be appropriately reduced. In this case, “a
plurality of clearances 204 are connected to each other”
means, for example, a state in which the filling material can
circulate through the clearances 204, for example. In this
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case, all the empty clearances 204 to be formed 1n the shaped
object 50 are preferably formed to be connected to each
other.

In a case of using the fluid material as the filling material,
the fluid material needs to be material into which the 1nk
does not sink at the time when the layer of the ink 1s formed
on the fluid material. Thus, as the fluild material, for
example, 1t 1s preferable to use a substance having a specific
gravity larger than the specific gravity of the ik (for
example, about 1.1) constituting the model part 202. More
specifically, as such fluid matenial, for example, fluorine-
based 1inert liquid, hydrofluoroether, fluorocarbon, or the like
may be used.

The fluid material used as the filling material 1s preferably
maternal that does not chemically react to the 1nk constitut-
ing the surrounding model part 202 when being brought into
contact with the ik, for example. In this case, “does not
chemically react to the ink when being brought into contact
with the 1nk” means, for example, not to chemically attack
(react to) the k. As the filling matenal, for example, 1t 1s
preferable to use a substance that can be approprately
extracted by using a syringe and the like at the time of
removing the filling material through the hole such as the
filler discharging hole 212. Considering shaping cost of the
shaped object 50 and the like, the fluid material 1s preferably
a substance that can be collected after use and can be reused
after filtering, for example.

Even when liguid having a small specific gravity 1s used
as the fluid material, the liquid can be used as the filling
material 1f the liquid has sufliciently high viscosity. In this
case, for example, 1f the fluid matenal has viscosity with
which the ik ejected to an overhanging portion such as a
portion above the fluid material can be cured before the 1k
sinks 1nto the fluid material, the layer of the ink can be
appropriately deposited on the fluid material. Thus, a sub-
stance as described above can be used as the filling material.
More specifically, as such fluid matenial, for example, water,
saturated hydrocarbon (parathin-base, naphthenic-base, and
the like), mineral oi1l, glycerol, or a mixture and the like
thereof may be used. As described later in more detail, 1n a
practical use, water and the like can be preferably used as the
fluid matenal.

As described above, according to this modification, for
example, the empty clearance 204 can be approprately
formed 1nside the shaped object 50. Due to this, for example,
the weight of the shaped object 50 can be approprately
reduced. For example, the weight and the center of gravity
of the shaped object 50 can be appropnately adjusted. In this
case, for example, the use amount of the 1k constituting the
model part 202 can also be reduced. Due to this, for
example, the production cost of the shaped object 50 can be
approprately reduced.

In this modification, the clearance 204 can be formed
without using the lid and the like for blocking the opening
of the clearance 204. In this case, the shape of the clearance
204 1s not required to be matched with the shape of the lid,
tor example. Thus, according to this modification, the clear-
ances 204 having various shapes can be formed correspond-
ing to the shape of the shaped object 50, for example.
Accordingly, 1n a case of shaping the shaped objects 50
having various shapes, the empty clearance 204 can be more
approprately formed therein.

Also 1n this case, it 1s preferable to form the wall surface
surrounding the clearance 204 not to overhang at an angle
smaller than 90 degrees with respect to a surface of the
deposited k. With this configuration, the operation of
forming the clearance 204 can be more easily and appro-
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priately performed. The position at which the clearance 204
1s formed within the shaped object 50 may be determined 1n
accordance with the weight and the orientation of the center
of gravity that have been set similarly to the case described
above with reference to FIGS. 1A to 4C, for example. In this
case, to stabilize the shaped object 50 (lowering the center
of gravity), 1t 1s preferable not to form the clearance 204 at
a position on a lower side of the gravity direction (lower
position) when the shaped object 50 1s arranged.

Filling of the filling material (fluid material) in the clear-
ance 204 performed at the time of shaping the shaped object
50 may be automatically performed with a device (automatic
system), or may be manually performed through an opera-
tion by the manipulator (manual system), for example. In a
case of performing filling using the automatic system, the
shaped object 50 may be formed by using the shaping device
12 having a function of filling the filling matenal.

FIG. 6 1s a diagram 1llustrating a modification of the
configuration of the shaping device 12, and illustrates a
configuration example of the shaping device 12 having the
function of filling the filling material. Except the points
described below, mn FIG. 6, a component denoted by the
same reference numeral as that in FIGS. 1A to 3B may have
a characteristic that 1s the same as or similar to that of the
component 1n FIGS. 1A to 5B. For example except the
points described below, the shaping device 12 illustrated in
FIG. 6 may have a characteristic that 1s the same as or
similar to that of the shaping device 12 illustrated in FIGS.
1A to 1C. The shaping device 12 illustrated in FIG. 6 may
turther include components that are the same as or similar to
those of the shaping device 12 1n FIGS. 1A to 1C 1n addition
to the components illustrated in the drawing.

In this modification, the shaping device 12 includes a
filling unit 130 and a guide bar 132 as a configuration for
filling the filling material ({luid material) in addition to the
head part 102 and the like used for forming the layer of the
ink. The filling unit 130 1s an ¢jection device that ejects the
filling material with a function of an ink-jet head or a
dispenser, for example, and includes an ejection nozzle 302
or a blade 304. The ejection nozzle 302 1s an ejection port
for ejecting the filling matenial, and ejects the filling material
in a liquid state the amount of which 1s required for filling
the clearance 204, for example, to each clearance 204 (refer
to FIGS. 5A and 5B).

The blade 304 1s a member for removing excessive filling
material after the filling material 1s filled i the clearance
204. In this modification, the blade 304 1s a soft silicone
rubber blade that does not at least damage an upper surface
of the deposited layer of the 1k, and removes the excessive
filling material overflowed from the clearance 204 by per-
forming a squeegee operation at the position of the opening
of the clearance 204. More specifically, in the configuration
illustrated 1n the drawing, the blade 304 1s a rotary blade
having four blades using four silicone rubber blades. In this
case, the squeegee operation 1s performed by moving the
shaping table 104 in the left direction in the drawing in
parallel with the sub-scanning direction while CCW (coun-
terclockwise direction)—rotating the blade 304, ifor
example.

At the time of filling the filling material, a process of the
squeegee performed by using the blade 304 may be omitted
if a filling amount can be precisely controlled. In this case,
a required degree of precision 1s determined, for example,
depending on a rate of removal amount at the time when the
ink used for shaping 1s planarized (planarizing removal rate
of shaping material), thickness of one layer of the ik, and
the capacity of the clearance 204. The guide bar 132 1s a
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guide member that guides movement of the filling unit 130
in the main scanning direction. By moving the filling unit
130 along the guide bar 132, the filling material can be
approprately filled in the clearances 204 formed at various
positions 1n the shaped object 50.

In this modification, filling of the filling maternal 1s
performed by temporarily interrupting deposition of the
layer of the ink. More specifically, in this case, in the middle
of the shaping operation performed by the head part 102 1n
the shaping part of the shaping device 12, a signal indicating,
end of formation of the clearance 204 (clearance formation
end signal) 1s generated at the timing when, for example,
formation of one clearance 204 1s ended. The operation of
depositing the ink 1s temporarily stopped based on the
clearance formation end signal, and the shaping table 104 1s
moved from the shaping part to the filling part. In the filling
part, the filling material 1s ¢jected from the ejection nozzle
302 of the filling unit 130 to automatically fill the filling
material i the clearance 204. With this configuration, for
example, the filling material can be appropnately filled
before an overhanging layer of the ink 1s formed on the
clearance 204.

After filling 1n the clearance 204 1s performed, the shaping
table 104 1s returned to the shaping part, and the layer of the
ink 1s further formed on the filling material 1n the clearance
204. In this case, the ink ejected from the ink-jet head of the
head part 102 flies 1n a direction corresponding to a lower
side of the drawing 1n parallel with the Z-direction to land
on (adhere to) the filling materal 1n the clearance 204. In this
case, by quickly emitting ultraviolet rays after the landing to
cure the 1k, the layer of the ink can be appropriately formed
on the clearance 204.

In this case, for example, by removing the filling material
in the clearance 204 after all layers of the ink constituting the
shaped object 50 are formed, the empty clearance 204 1s
formed 1n the shaped object 50. With this configuration, for
example, the shaped object 50 including the empty clearance
204 1nside can be appropnately shaped while automatically
filling the filling materal.

At the time of filling the filling matenal, the filling 1s
preferably performed so that an upper surface (liquid sur-
tace) of the filling material 1n the clearance 204 does not
exceed a deposition upper surface at the time of temporary
stop as an upper surface of the layer of the ink that has been
formed before the filling 1s performed. With this configura-
tion, excessive lilling material can be appropriately pre-
vented from overflowing to the outside of the clearance 204,
for example. In this case, for example, the filling may be
performed while detecting the position of the upper surface
of the filling material with an optical sensor and the like, and
the filling may be stopped at the timing when the deposition
upper surface at the time of temporary stop 1s reached. With
this configuration, the filling material can be filled more
approprately with high accuracy.

In this case, even 11 the filling material 1s not filled to reach
the same height as that of the deposition upper surface at the
time of temporary stop, the layer of the ink can be appro-
priately formed on the filling material when the filling
material 1s filled to reach a position that 1s sufliciently close
to the deposition upper surface at the time of temporary stop.
Thus, at the time when the filling of the filling material 1s
completed, the position of the upper surface of the filling
material may be lower than the deposition upper surface at
the time of temporary stop. More specifically, for example,
depending on the capacity of the clearance 204, when a
difference between the position of the upper surface of the
filling material at the time when the filling 1s completed and
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the deposition upper surface at the time of temporary stop 1s
equal to or smaller than about 1 mm, for example, the
difference can be buried (compensated) with the amount of
the 1nk to be removed in planarizing (planarizing removal
amount) at the time of deposition of the layer of the 1k to
be performed thereaiter.

The filling operation as described above in this modifi-
cation can be considered to be an operation of filling the
filling material in the clearance 204 every time when the
clearance 204 i1s formed in the shaped object 50 being
shaped, for example. In this case, “filling the filling material
every time when the clearance 204 1s formed™ means, for
example, to fill the filling material at the timing of forming
all layers surrounding the clearance 204 at the time of
forming the layer of the mk surrounding the clearance 204.

In another modification, the filling material may be filled
in each clearance 204 even at the time before one clearance
204 1s completed. In this case, for example, the filling
operation may be performed every time when a plurality of
layers of the ink set in advance are formed at the time of
forming the layer of the ik surrounding the clearance 204.
In this case, for example, the filling operation may be
performed at a timing corresponding to the shape of the
clearance 204. More specifically, for example, 1n a case of
forming the clearance 204 surrounded by wall surfaces
including an overhanging shape, the filling operation may be
performed at the timing when the overhanging shape of the
wall surface 1s generated. Depending on quality required for
shaping and the like, the filling operation may be performed
every time when one layer of the ink 1s formed at the time
of forming the layer of the ink surrounding the clearance
204.

As described above, the operation of filling the filling
material in the clearance 204 may be performed by using the
manual system. Also in this case, for example, filling of the
filling material 1s performed by temporanly stopping the
operation of depositing the layer of the ink every time when
one clearance 204 1s formed. In this case, temporary stop
may be performed by monitoring the depositing operation
by the manipulator, or may be automatically performed by
generating the clearance formation end signal. In this case,
for example, the shaping device 12 has a function of
temporarily stopping the deposition of the layer of the ink 1n
accordance with an instruction from the manipulator or the
clearance formation end signal. In a case 1n which temporary
stop 1s automatically performed, the shaping device 12
preferably has a function for requesting the manipulator to
perform the operation of filling the filling material.

In a case of manually performing the filling, the manipu-
lator fills the filling material 1n the clearance 204 using a
syringe, for example. In this case, it 1s preferable to 1nject a
slightly large amount of filling maternial, and squeegee the
deposition upper layer at the time of temporary stop with a
soit blade and the like to remove excessive filling material.
After the filling 1s performed, deposition 1s started again on
the layer of the ink at which the deposition 1s temporarily
stopped.

Subsequently, the following describes another modifica-
tion of the configuration of the shaped object 50. FIGS. 7A
and 7B are diagrams 1llustrating another modification of the
configuration of the shaped object 50. FIG. 7A 1llustrates a
configuration of a cross section orthogonal to the sub-
scanning direction of the shaped object 50 according to this
modification. FIG. 7B 1s a cross-sectional view 1llustrating
the shaped object 50 1n the middle of the shaping process.
Except the points described below, 1n FIGS. 7A and 7B, a

component denoted by the same reference numeral as that 1n
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FIGS. 1A to 6 may have a characteristic that 1s the same as
or similar to that of the component 1n FIGS. 1A to 6.

Also 1n this modification, the shaped object 50 including
the empty clearance 204 therein i1s shaped by filling the
filling material such as the fluid material 1n the clearance 204
in the middle of the shaping process, and removing the
filling material thereafter. In this case, as described above 1n
relation to FIG. 6, the clearance 204 1s not required to be
formed to be matched with the shape of the 1id, for example,
so that the clearances 204 having various shapes can be
formed. Thus, 1n this modification, the shaped object 50 1s
shaped such that only a portion along an outer peripheral
surface of the shaped object 50 1s caused to be the model part
202, and the other portion 1s caused to be the clearance 204.
In this case, as illustrated in the drawing, only a portion
having a predetermined thickness along the surface of the
shaped object 50 1s caused to be the model part 202. In this
case, the thickness means a thickness 1n a normal direction
orthogonal to the surface of the shaped object 50. In this
case, the entire inner part of the model part 202 along the
surtface of the shaped object 50 1s the clearance 204. Accord-
ing to this modification, for example, the weight of the
shaped object 50 can be significantly reduced. The use
amount of the ink used for shaping can also be significantly
reduced, and the shaping cost of the shaped object 50 can be
appropriately suppressed.

In a case of forming the shaped object 50 as described
above, the wall surfaces surrounding the clearance 204
incline at various angles. More specifically, 1n a case of
shaping the shaped object 50 as 1llustrated in FIGS. 7A and
7B, for example, at least part of the wall surfaces surround-
ing the clearance 204 has an overhanging shape. Thus, 1n
this case, the filling matenal 1s filled in the clearance 204 in
parallel with the depositing operation of the layer of the ink
to form the model part 202 while the upper surface of the
deposited layer of the 1ink (an upper surface of deposition) 1s
preferably always matched with an upper surface of the
filled filling material (an upper surtace of a filling substance)
as 1llustrated 1n FIG. 7B, for example. With this configura-
tion, the clearances 204 having various shapes can be
appropriately formed. Also in this case, by forming the air
injection hole 210 and the filler discharging hole 212 as
through holes communicating the clearance 204 with the
outside of the shaped object 50, for example, the filling

material once {illed in the clearance 204 can be appropriately
removed.

Another modification can be considered for the configu-
ration ol the shaped object 50, the shaping operation of
shaping the shaped object 30, the conﬁguratlon of the
shaping device, and the like. For example, 1n the above
description, described 1s a case of removing the filling
material from all of the clearances 204 with reference to
FIGS. 6 to 7B. However, 1in the modification of the con-
figuration of the shaped object 50, for example, there may be
a case 1in which the filling material 1s not removed from some
of the clearances 204 to be kept being filled with the filling
material.

In the above description, mainly described 1s a case of
using the fluid material such as liquid as the filling material.
However, material other than liquid may be used as the
filling maternal. In this case, for example, filling material that
1s a solid at the time of filling and 1s liquefied or vaporized
depending on a predetermined condition may be used. More
specifically, a substance that sublimes from a solid state to
a gas state, like dry ice, for example, may be used as the
filling material. In a case of using the filling material that 1s
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liquid at the time of filling, for example, the filling material
may be vaporized to be removed.

Subsequently, the following describes another modifica-
tion of the shaping operation of shaping the shaped object 50
and the configuration of the shaping device 12. FIG. 8 1s a
diagram 1llustrating another modification of the shaping
operation of shaping the shaped object 50, and 1llustrates a
modification of the method of shaping the shaped object 50
in a case of performing the shaping using the shaping device
12 having a configuration that 1s the same as or similar to
that 1n the case illustrated mm FIG. 6. Except the points
described below, in FIG. 8, a component denoted by the
same reference numeral as that in FIGS. 1A to 7B may have
a characteristic that 1s the same as or similar to that of the
component i FIGS. 1A to 7B.

As described above, in the shaping operation described
with reference to FIG. 6, the fluid material in a liquad state
1s ¢jected from the filling unit 130 as the filling material to
{11l the clearance of the shaped object 50. Due to this, for
example, the fluid material 1s caused to function as the
support layer in the clearance, and the layer of the ink
overhanging the clearance 1s formed. Also 1 a case 1llus-
trated 1n FIG. 8, the same or similar processes are performed
to perform the shaping operation. In the modification of the
shaping operation 1illustrated 1n FIG. 8, to prevent the fluid
maternial from widely spreading over the shaping table 104
when the fluid material overtlows the clearance due to an
overtlow from the clearance, for example, a wall part 54 1s
turther formed on the shaping table 104. Accordingly, when
the fluid material overflows the clearance, the fluid material
1s stored 1n a region surrounded by the wall part 54.

More specifically, in this modification, as 1llustrated 1n the
drawing for example, the wall part 54 1s formed for holding
the overtlowed fluid maternial on the shaping table 104. The
wall part 34 may be considered to be a configuration for
preventing the fluid material from overflowing from the
shaping table 104, for example. The wall part 54 may be
considered to be a configuration for holding the overtlowed
fluid matenal, for example. In this case, at an early stage of
the operation of shaping the shaped object 50, for example,
the wall part 534 surrounding the shaped object 50 being
shaped 1s formed on the shaping table 104 1n parallel with
the shaping of the shaped object 50 (at the same time as the
shaping of the shaped object 50). In this case, the wall part
54 1s formed on the shaping table 104 to surround the shaped
object 50 and the support layer 52 in a state in which a gap
1s made between the wall part 54, and the shaped object 50
and the support layer 52 to store the fluid material between
the wall part 54, and the shaped object 50 and the support
layer 52. The phrase of “surround the shaped object 30 and
the support layer 52” means, for example, to surround an
outer side of the support layer 52 formed on an outer side of
the shaped object 50.

With this configuration, the fluid material overflowed
from the clearance does not widely spread over the shaping
table 104, and 1s stored between the shaped object 50 and the
wall part 54 within the region surrounded by the wall parts
54. Accordingly, with this configuration, even when the fluid
material overflows the clearance, for example, influence on
the surroundings can be approprately suppressed. In this
case, after the process of shaping the shaped object 50
performed by the shaping device 12 1s completed (after the
deposition operation 1s completed), only fluid material
within a range surrounded by the wall parts 54 may be
removed by suction with a pipette, for example, before or
after the shaped object 50 and the support layer 52 are peeled
ol from the shaping table 104 to clean the shaping table 104.
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For example, the fluid material may be removed by wiping
with a cloth. After most of the fluid material 1s removed with
a pipette and the like, wiping may be performed with a cloth.
By breaking the wall parts 54 after the fluid material 1s
removed, for example, the wall parts 54 can be easily and
appropriately removed from the shaping table 104. Thus,
according to this modification, for example, the shaping
operation performed by using the fluid material can be more
appropriately performed.

The shaped object 50 and the support layer 52 are
preferably peeled off after the wall part 34 1s removed, for
example. With this configuration, for example, a peeling
operation can be more easily performed 1n a state in which
an unneeded surrounding object (the wall part 54) 1s not
present. The height (height 1n the deposition direction) of the
wall part 54 may be a height (required height) with which
overtlowed fluid material does not leak out to the outside of
the wall part 54. Thus, as illustrated i1n the drawing, for
example, the height of the wall part 54 may be lower than
that of the shaped object 50. The wall part 54 may be formed
with any material (1nk) used for forming the support layer 52
and the shaped object 50. More specifically, for example, the
wall part 54 may be formed with 1ink (support member) used
as the material of the support layer 52. The wall part 54 may
be formed with any ink used for shaping the shaped object
50. In this case, for example, the wall part 54 may be formed
by using any of the ink dedicated for shaping (model
maternal, shaping material ink) used for forming the inner
part of the shaped object 50, clear ink, and 1nk for coloring
(decoration ink, color 1ink), or such a plurality of types of ink.
The wall part 34 may be formed, for example, by using both
of the support member and the ink used for shaping the
shaped object 50.

As described above 1n relation to FIG. 6, 1n a case of
filling the flud matenal in the clearance of the shaped object
50, control may be performed so that the upper surface
(liguid surface) of the fluid material within the clearance
does not exceed the deposition upper surface to prevent the
fluid material from overtlowing the clearance. However,
depending on quality and the like required for the shaping,
it may be preferable to fill as much fluid material as possible
in the clearance in some cases. In such a case, when the
clearance 1s almost completely filled, typically, the surface
slightly rises due to surface tension. In this case, to prevent
the fluid material 1n the clearance from running short, for
example, a larger amount of fluid material than a minimum
required amount may be ¢jected. In such a case, excessive
fluid material exceeding a deposition surface in the middle
of the deposition operation overtlows the clearance to tlow
out from the upper surface of the shaped object 50 being
shaped due to an operation and the like of the blade 304 of
the filling unit 130. As a result, the amount of fluid material
overtlowing onto the shaping table 104 being shaped may be
increased. According to this modification, for example, even
when the amount of fluid material overflowing onto the
shaping table 104 1s increased, the overflowed fluid material
can be appropriately stored 1n a certain region.

In the above description, mainly described 1s the configu-
ration and the operation i a case of ¢jecting the fluid
material using the filling unit 130 different from the head
part 102 with reference to FIGS. 6 and 8, for example.
However, 1n another modification of the configuration of the
shaping device 12, for example, the flud material may be
¢jected with the configuration in the head part 102.

FIGS. 9A to 9C are diagrams for explaining another
modification of the configuration of the shaping device 12.
FIG. 9A 1illustrates a configuration example of the shaping
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device 12 according to this modification. FIG. 9B 1llustrates
a configuration example of the head part 102 of the shaping
device 12. FI1G. 9C illustrates a configuration example of the
shaped object 50 shaped in this modification. Except the
points described below, 1 FIGS. 9A to 9C, a component
denoted by the same reference numeral as that in FIGS. 1A
to 8 may have a characteristic that 1s the same as or similar
to that of the component 1n FIGS. 1A to 8.

As described above with reference to FIGS. 6 and 8, for
example, 1 a case of ejecting the fluid material using the
filling unit 130 (refer to FIG. 6), the operation of depositing
the ink may be temporarily stopped to eect the fluid
material. However, 1n this case, when the number of times
when the shaping 1s temporarily stopped 1s increased, time
required for shaping may be significantly increased. In this
modification, by ejecting the fluid material with the con-
figuration 1n the head part 102, the fluid matenal 1s further
¢jected during the main scanning operation for forming the
layer of the ik, for example, without temporarily stopping
the operation of depositing the ink constituting the shaped
object 50.

More specifically, in this modification, the shaping device
12 includes the head part 102 that can eject the fluid
material. The head part 102 includes a carriage 400, a
plurality of ink-jet heads, a plurality of ultraviolet light
sources 408, and a planarizing zing roller 410. The carriage
400 1s a holding member that holds each component of the
head part 102. In this example, the head part 102 includes,
as a plurality of ink-jet heads, an ink-jet head 402w, an
ink-jet head 402y, an ink-jet head 402m, an 1nk-jet head
402¢, an 1nk jet head 4024, an ink-jet head 402¢, an ink jet
head 404, and an 1nk jet head 406. These ink-jet heads are,
for example, arranged 1n the main scanning direction while

positions thereol are aligned in the sub-scanning direction.
Among these ink-jet heads, the ink-jet head 402w, the

ink-jet head 402y, the ink-jet head 402m, the ink-jet head
402¢, the mk-jet head 4024, and the ink-jet head 4021
(heremaftter, referred to as ink-jet heads 402w to 402¢) are
ink jet heads that eject the ink used as the material of the
shaped object 50, and eject the ink of different colors. More
specifically, the mnk-jet head 402w ejects 1nk of white color
(W color). The mk-jet head 402y ejects 1nk of yellow color
(Y color). The 1nk jet head 402m ejects ink of magenta color
(M color). The mk-jet head 402¢ ejects ik of cyan color (C
color). The mk-jet head 402k ejects ik of black color (K
color). The ink-jet head 402¢ ejects clear ink. In this case, the
clear 1nk means, for example, 1nk of clear color as a colorless
transparent color (T).

Among the imnk-jet heads included 1n the head part 102, the
ink-jet head 404 ejects the ink used as the support member
as the material of the support layer 52. As the support
member, for example, known material for the support layer
can be preferably used. As the ink-jet head 404, for example,
an ik-jet head that 1s the same as or similar to the ink-jet
heads 402w to 4027 can be preferably used. The ink-jet head
406 1s an ink-jet head that ejects the fluid matenal. The
ink-jet head 406 ejects, for example, the fluid material 1n
parallel with the shaping operation during the shaping of the
shaped object 50 by ¢jecting the fluid material during the
main scanning operation, for example. As the ink-jet head
406, for example, an 1nk-jet head that 1s the same as or
similar to the ink-jet heads 402w to 402¢ can also be
preferably used.

In this modification, the head part 102 includes the 1nk-jet
head 406, so that the flmmd material 1s ¢jected by the
configuration in the head part 102. For example, the head
part 102 according to this modification may be considered to
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be a configuration obtained by adding the ink-jet head 406
to the head part 102 1n the configuration illustrated 1n FIGS.
1A to 8.

The ultraviolet light sources 408 are light sources (UV
light sources) for curing the 1nk, and generate ultraviolet
rays for curing ultraviolet curable nk. In this example, the
respective ultraviolet light sources 408 are arranged on one
end side and the other end side of the main scanning
direction of the head part 102 across a line of ink-jet heads.
As the ultraviolet light source 408, for example, an UVLED
(ultraviolet LED) can be preferably used. The planarizing
roller 410 1s a planarizing module for planarizing the layer
of the ink formed during the shaping process of the shaped
object 50. The planarizing roller 410 planarizes the layer of
the 1nk by being in contact with the surface of the layer of
the mk to remove part of the ik betore curing during the
main scanning operation, for example. In this modification,
the planarizing roller 410 also functions as a configuration of
removing excessive tluid material exceeding the deposition
surface in the clearance of the shaped object 50 1n the middle
of the depositing operation. In this case, for example,
excessive fluid material may be removed together with the
ink through the operation of planarizing the layer of the ink.
Similarly to the blade 304 of the filling umt 130 illustrated
in FIG. 8, for example, excessive fluid material may be
squeezed out from the deposition surface by the planarizing
roller 410.

With this configuration, the fluid material can be ejected
as part of the function of the shaping part without arranging
the filling part and the like 1n addition to the shaping part in
which the shaping 1s performed by the head part 102. Thus,
according to this modification, for example, the configura-
tion of the shaping device 12 can be more simplified and
downsized. In this case, as described above, the fluid mate-
rial can be filled in the clearance of the shaped object 50
without temporarily stopping the operation of depositing the
ink. Thus, according to this modification, the time required
for shaping can be prevented from being increased due to
temporary stop. Accordingly, for example, the shaped object
50 can be shaped more efliciently.

In this case, the shaping 1s not required to be temporarily
stopped at the timing when the fluid material 1s ejected 1nto
the clearance, so that the clearance can be formed with a
higher degree of freedom, for example. Thus, according to
this modification, for example, a degree of freedom of the
shape or the number of clearances to be formed can be
turther improved. In this case, by ejecting the fluid material
using the ink-jet head, an ejection amount and an ejection
position of the fluid material can be controlled more pre-
cisely. Accordingly, for example, the clearances having
various shapes can be more appropriately formed.

In this case, as illustrated in FIG. 9C for example, the
clearance 204 matched with the shape of the shaped object
50 can be formed with higher accuracy, for example. More
specifically, the left figure 1n FIG. 9C 1llustrates an example
of an external appearance of the completed shaped object 50
(external appearance of the shaped object). The right figure
1llustrates a state of a cross section of the shaped object 50
together with a cross section of the support layer 52. The
shaped object 50 1llustrated 1n FIG. 9C can be considered to
be a modification of the shape of the shaped object 50. Also
in this case, similarly to the shaped object 50 1llustrated 1n
FIGS. 7A and 7B for example, the shaped object 50 includes
the model part 202 and the clearance 204. In this case, the
clearance 204 1n the shaped object 50 1s formed by using the
fluid matenial ejected from the ink-jet head 406 of the head
part 102, for example. More specifically, in this case, at the
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time of shaping the shaped object 50, by forming the
surrounding model part 202 1n a state 1n which the fluid
material 1s filled 1n a region i which the clearance 204
should be formed, the shaped object 50 including the model
part 202 and the clearance 204 1s shaped. In this case, the
fluid matenal filled 1n the clearance 204 may be extracted
from the shaped object 50 by the time when all the processes
related to the shaping are completed. In this case, for
example, a hole may be formed on part of the surface of the
shaped object 30, and the fluid material may be extracted
through the hole. Depending on the use and required quality
and the like of the shaped object 50, all the processes related
to the shaping of the shaped object 50 may be completed in
a state 1n which the fluid material 1s kept being filled in the
clearance 204.

In the respective configurations described above, as the
material of the support layer 52 outside the shaped object 50
(outside support member), used 1s a support member in a
solid state that supports the model part 202. More speciii-
cally, as such a support member, ultraviolet curable ink
including an ultraviolet curable resin may be used, for
example. In a case of forming the clearance 204 1n the
shaped object 50 using the fluid matenal as 1n the respective
configurations described above, the fluid maternial to be filled
in the clearance 204 can be considered to be material
constituting a support part (fluid support member) support-
ing the surrounding model part 202 within the clearance 204,
for example. In this case, the configuration of filling the fluid
material in the clearance 204 within the shaped object 50 can
be considered to be a configuration of using the fluid
material as the support member for the clearance 204 within
the shaped object 50, and using the ultraviolet curable 1nk as
the support member for the outside of the shaped object 50,
for example.

In another modification of the shaping operation and the
conﬁguration of the shaping device 12, the fluid material
may also be used as the support member for supporting the
shaped object 50 (model part 202) on the outside of the
shaped object 50, for example. In this case, for example, the
shaped object 50 may be shaped by using a liquid storage
container 500 having a water tank shape.

FIGS. 10A to 10C are diagrams for explaining another
modification of the shaping operation and the configuration
of the shaping device 12. FIG. 10A 1llustrates a configura-
tion example of the shaping device 12 according to this
modification. Except the points described below, mn FIGS.
10A to 10C, a component denoted by the same reference
numeral as that 1n FIGS. 1A to 9C may have a characteristic
that 1s the same as or similar to that of the component in
FIGS. 1A to 9C.

In this modification, for example, the shaping device 12
turther includes the liquid storage container 500 1n addition
to the configuration of the shaping device 12 illustrated in
FIG. 9A. The liquid storage contaimner 500 1s a container
having a water tank shape for storing liquid, and includes a
first liquid chamber 502, a second liquid chamber 504, a
filter 506, and a pump 508. The first liquid chamber 502 is
a liquid chamber for immersing the shaped object S0 being
shaped 1n liquid. The first liquid chamber 502 1s a liquid
chamber having a size that can house the shaping table 104
therein, arranged at a position opposed to the head part 102
across the shaping table 104, and houses the shaping table
104 having an upper surface on which the shaped object 50
being shaped is placed to immerse the shaped object 50 1n
the liquud within the first liquid chamber 502 together with
the shaping table 104. In this modification, the liquid surface
of the first liquid chamber 502 1s always maintained at a
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position lower than a lower surface of the head part 102 and
matched with the deposition surface being shaped due to
overtlow as illustrated in the drawing. The height of the
liquid surface (position of the liquid surface) of the first
liquid chamber 502 can be set, for example, by adjusting a
height of an outlet at which the liquid overtlows. In this case,
the shaping device 12 gradually changes the position of the
shaping table 104 1n the deposition direction (depth direction
of the liqud) corresponding to a deposition height 1n accor-
dance with progress of the shaping operation, and moves the
shaping table 104 to a deep position in the first liquid
chamber 502.

The second liquid chamber 504 1s a liquid chamber that
stores liquid overflowed from the first liquid chamber 502
due to overtlow of the first liquid chamber 502. The position
of the liquid surface of the second liquid chamber 504 is
adjusted to be lower than the position of the liquid surface
of the first liquud chamber 502 as illustrated 1n the drawing,
for example. In this modification, the first liquid chamber
502 1s connected to the second liquid chamber 504 via the
filter 506 and the pump 308. The filter 506 1s a filter that
filters liquid flowing from the second liquid chamber 504 to
the first liquid chamber 502. The pump 508 1s a pump for
causing the liquid to flow from the second liquid chamber
504 toward the first liquid chamber 502, and supplies the
liquid from the second liquid chamber 504 to the first liquid
chamber 502 during at least the shaping process of the
shaped object 50. With this configuration, the liquid can be
appropriately circulated between the first liquid chamber
502 and the second liquid chamber 504 while filtering the
liquid with the filter 506. By supplying the liquid from the
second liquid chamber 504 to the first liquid chamber 502
using the pump 508, and causing the liquid overflowing
from the first liquid chamber 502 to flow to the second liquid
chamber 504, the position of the liquid surface of the first
liquid chamber 502 can be appropriately adjusted. In this
case, as illustrated in the drawing for example, 1t 1s prefer-
able to perform adjustment so that the position of the
deposition upper surface 1s matched with the position of the
liquid surface of the liquid within the first liquid chamber
502. By circulating the liguid 1n this way, for example, the
liquid within the liqud storage container 500 can be appro-
priately reused. When the liquid 1s contaminated due to a
long-term use, for example, 1t 1s preferable to discharge the
liguid through a waste liquid port (not illustrated) to be
replaced with new liquid.

With thus configuration, for example, an overhanging
portion on an outer peripheral side of the shaped object 50
can be appropriately supported by the liquid within the first
liquid chamber 502 without forming a support layer in a
solid state. In this case, the support layer 1in a solid state
means, for example, a support layer made of ultraviolet
curable 1nk. Accordingly, in this modification, for example,
the shaped objects 50 having various shapes can be appro-
priately shaped.

As described above, 1n a case of forming the support layer
in a solid state at the time of shaping the shaped object 50,
the support layer needs to be removed after the shaping
process performed by the shaping device 12 1s completed. In
this case, much time 1s required for removing the support
layer, and 1t may become diflicult to efliciently shape the
shaped object 50 1n some cases. The removed support layer
may become a waste, and cost for disposal or eflort may be
required. By contrast, this modification can appropriately
prevent such a problem. Thus, according to this modifica-
tion, for example, the shaped object 50 can be ethiciently and
appropriately shaped.
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Also 1n this case, by ejecting the fluid material from the
head part 102, for example, the clearance can be formed
inside the shaped object 50. In this case, even when the fluid
matenial overflows the clearance, for example, the fluid
material can be stored in the first liquid chamber 502. Thus,
the fluid maternial can be appropriately managed without
forming the wall part 54 (refer to FIGS. 9A to 9C) and the
like on the shaping table 104 as described above with
reference to FIGS. 9A to 9C, for example.

In this case, liquid originally stored in the first liquid
chamber 502 is preferably the same liquid as the fluid
material ejected from the head part 102, for example. This
configuration can appropriately prevent composition of the
liguid within the first liquid chamber 502 from being
changed when the fluid matenial tlows i, for example.
Depending on a condition required for shaping and the like,
liquid different from the fluid matenal ejected from the head
part 102 may be used as the liquid originally stored within
the first liquid chamber 502.

In this modification, the shaped object 50 1s not neces-
sarily supported by only the liquid within the first liquad
chamber 502, and the support layer 52 in a solid state may
be further formed. More specifically, as illustrated 1n the
drawing for example, the support layer 52 in a solid state
may be formed for supporting part of the shaped object 50.
With this configuration, for example, a portion desired to be
supported more securely during the shaping process can be
supported more securely using the support layer 52 1n a solid
state. In this case, for example, the support layer 52 may be
formed on the shaping table 104 before the shaping of the
shaped object 50 1s started, and the support layer 52 may
support part of the shaped object 50 to be formed thereon.

Depending on the shape of the shaped object 50 to be
shaped, the support layer 52 1n a solid state may be required
to be formed 1n some cases. FIGS. 10B and 10C 1llustrate an
example of a relation between necessity of the support layer
52 in a solid state and the shape of the shaped object 50.
Among these, FIG. 10B illustrates an example of the shape
of the shaped object 50 that can be shaped without forming
the support layer 52 1n a solid state. FIG. 10C 1llustrates an
example of the shape of the shaped object S0 that requires
the support layer 52 1n a solid state to be formed.

More specifically, the shaped object 50 illustrated 1n FIG.
10B has a continuously running shape from the bottom on
the shaping table 104. In a case of the shaped object 50
having such a shape, the layer of the 1nk can be appropnately
formed by being supported by the liquid (liquid surface)
within the first liqud chamber 502 at the time of forming
any layer of the ink constituting the shaped object 50. Thus,
in this case, the shaped object 50 can be appropnately
shaped without forming the support layer 52 1n a solid state.

However, in a case of shaping the shaped object 50
illustrated 1n FIG. 10C, there 1s a portion indicated as
downwardly projecting part 152 in the drawing, so that the
shaped object 50 does not have the continuously running
shape from the bottom on the shaping table 104. In a case of
shaping such a non-continuous shaped object 30, 1t 1s
considered that the shaping cannot be appropriately per-
formed only by supporting the layer of the ink during the
shaping process with the liquid. More specifically, 1n this
case, a portion included 1n the downwardly projecting part
152 1n the layer of the ink during a forming process 1s
formed 1n a state of being separated from the other portion
continuously running from the bottom on the shaping table
104. In this case, a position of the portion included 1n the
downwardly projecting part 152 1s not determined only by
forming the layer of the ink on the liquid, and the portion
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may float on the liquid to flow to an unintended position, for
example. Thus, 1n such a case, as 1illustrated 1n the drawing
for example, 1t 1s preferable to form the support layer 52 1n
a solid state to be connected to the portion included in the
downwardly projecting part 152. With this configuration, for
example, the portion included 1n the downwardly projecting
part 152 can be appropriately prevented from flowing to an
unintended position. Accordingly, for example, the shaped
objects 50 having various shapes can be more approprately
shaped.

Subsequently, the following complementarily explains
the operation of forming the clearance 1n the shaped object
50 using the fluid maternial, for example. In the above
description, as an example of a substance used as the fluid
matenal, for example, water, saturated hydrocarbon (parai-
fin-base, naphthenic-base, and the like), mineral oil, glyc-
erol, or a mixture thereof may be used. However, other
substances may be used as the fluid material so long as the
substance satisiies a function required for the fluid material
used for shaping.

In this case, examples of the function required for the tluid
material may include a function of appropriately curing the
ink when the ik used for shaping the shaped object 50 1s
ejected onto the fluid material. To implement this function,
for example, when droplets of the ink are ejected onto the
fluid matenal, the ink needs to go down (sink) in the fluid
material within time required for curing the 1nk, and dete-
rioration or the like needs to be prevented from being
caused. More specifically, as the fluid material, for example,
(a) a substance having a specific gravity close to or larger
than that of the ink, or (b) a substance having high viscosity
in which the ik sinks while taking much time, may be used.
As the material corresponding to (a), for example, paratlin-
based solvent may be used. Fluorine-based 1nert liquid such
as hydrofluoroether and fluorocarbon may be used, for
example. As the material corresponding to (b), for example,
glycerol, or mixed liquid of glycerol and water may be used.

Considering only a function of supporting the layer of the
ink formed on the fluid material, 1t can be said that a function
as the filler for filling the clearance 1s good when the
viscosity 1s higher, because the ink less sinks therein.
However, 1n this case, 1n a case of finally extracting the fluid
maternial from the shaped object 50, the extraction may be
hardly performed. Thus, the viscosity of the fluid material 1s
preferably adjusted to be suitable viscosity considering an
extracting operation and the like. In a case of gjecting the
fluid material from the ink-jet head, ejection 1s hardly
performed when the viscosity 1s high. Thus, 1n this case, the
viscosity of the fluid matenal 1s preferably adjusted to be
about 1 m to 30 mPa-sec, for example. An additive such as
an antiseptic, a surface-active agent, an antioxidant, or a
thickener may be added to the fluid material to prevent the
fluid material from being deteriorated or to adjust a charac-
teristic, for example.

The specific gravity of the 1nk (ink droplet) may be larger
than that of the fluid material considering a balance with a
sinking speed of the ink. Thus, as the fluud material, a
saturated hydrocarbon (paratlin-base, naphthenic-base, and
the like), mineral o1l, and the like may be preferably used as
described above, for example, 1n accordance with a physical
property of the ik to be used. Liqud such as silicone o1l
may also be used.

The mventors of the present disclosure have found that
water can be preferably used as the flmud material in a
practical use by an experiment and the like. As the water, for
example, tap water can be preferably used. In a case of using
the water as the fluid matenial, for example, cost of the tfluid
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material can be significantly reduced. A load and the like on
the environment can also be significantly reduced. In this
case, the viscosity of the fluid material 1s suthiciently low, so
that the fluid material can be appropnately ejected by using
the 1nk-jet head. As the tluid material, for example, water to
which various additives and the like are added may be used.
Alternatively, for example, liquid containing water as a
principal component may be used.

In the above description, the fluid material 1s mainly used
in a case of forming the clearance 1n the shaped object 50.
However, in another modification of the shaping operation,
for example, the clearance may be formed in the support
layer by using the fluid material. With this configuration, for
example, the use amount of the ultraviolet curable ink and
the like used as the matenal of the support layer can be
reduced. Due to this, the shaping cost can be significantly
reduced. In this case, by causing part of the support layer to
be 1n a liqud state, for example, the time required for
removing the support layer can be reduced. For example, the

amount of wastes generated by removing the support layer
can also be reduced.

In this case, the ultraviolet curable ink used as the material
of the support layer 1s an example of a support member
constituting a solid portion of the support layer (support
member for a solid portion). In this case, a relation between
the support member for a solid portion and the fluid material
may be a relation such that the support member for a solid
portion may be gradually dissolved by the fluid material, for
example. More specifically, for example, 1n a case of using
water-soluble maternial as the support member for a solid
portion and using water and the like as the fluid matenial, the
solid portion in the support layer 1s dissolved by the fluid
material 1n a certain degree during the shaping process of the
shaped object 50. Thus, with this configuration, for example,
the time required for removing the support layer can be more
appropriately reduced. In this case, as described above with
reference to FIGS. 8 to 9C, for example, by storing the fluid
material around the shaped object 50, an outer portion of the
support layer can also be dissolved 1n a certain degree during
the shaping process. Thus, with this configuration, the time
required for removing the support layer can be further
reduced.

What 1s claimed 1s:
1. A manufacturing method for a shaped object for manu-
facturing a three-dimensional shaped object by depositing a
layer of shaping material, the manufacturing method com-
prising:
setting a setting weight of the shaped object to be a weight
of a final shaped object after shaping of the shaped
object 1s completed, wherein the setting weight 1s a
weight and center of gravity of at least part of the
shaped object and 1s different from a filling weight that
1s weight 1n a case of forming the shaped object by
filling a deposition material used for deposition;

generating a weight set data to be supplied to a controller
based on a calculation result of a difference between an
original data weight and the setting weight,

wherein the controller selects a shape and number of

clearance required for eliminating the diflerence
between the original data weight and the setting weight
from shapes of a plurality of types of clearances stored
in the controller 1n advance;

depositing layers of the deposition material used for

deposition to be formed to shape the shaped object
including the clearance inside as a region that 1s not
formed with the deposition matenal;
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forming the clearance in a state of being filled with a
filling maternal that 1s a substance different from the
deposition material, wherein the filling material 1s a
fluid material that keeps fluidity within the clearance,
the filling maternial has the same height as that of a
deposition upper surface of the deposition material
during a shaping process, or an inside of the clearance
1s filled during the shaping process with a difference of
an amount of the deposition material to be removed by
planarizing the deposition matenal,

forming a hole that communicates the inside of the
clearance with an outside of the shaped object, wherein
as the hole, a filler discharging hole for discharging the
fluid material and an air injection hole disposed 1n a
vicinity of a position farthest from the filler discharging
hole 1n the clearance are formed;

further depositing the deposition material on the filling
material; and

removing the filling maternial from the clearance through
the hole to form the shaped object so that the clearance
1s empty.

2. The manufacturing method for a shaped object accord-

ing to claim 1, wherein

a substance having a specific gravity larger than a specific
gravity of the deposition material 1s used as the fluid
material.

3. A manufacturing method for a shaped object for manu-
facturing a three-dimensional shaped object by depositing a
layer of shaping material, the manufacturing method com-
prising:

setting a setting weight of the shaped object to be a weight
of a final shaped object after shaping of the shaped
object 1s completed, wherein the setting weight 1s a
weight and center of gravity of at least part of the
shaped object and 1s different from a filling weight that
1s weight 1 a case of forming the shaped object by
filling a deposition material used for deposition;

generating a weight set data to be supplied to a controller
based on a calculation result of a difference between an
original data weight and the setting weight,

wherein the controller selects a shape and number of
clearance required {for eliminating the difference
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between the original data weight and the setting weight
from shapes of a plurality of types of clearances stored
in the controller 1n advance;

depositing layers of the deposition material used for
deposition to be formed to shape the shaped object
including the clearance inside as a region that 1s not
twined with the deposition material;

forming the clearance 1n a state of being filled with a tluid
material that keeps fluidity within the clearance, and
further depositing the deposition material on the fluid
material;

using a shaping table having an upper surface on which
the shaped object being shaped 1s placed;

turther forming a wall part surrounding the shaped object
being shaped on the shaping table with a gap between
the wall part and the shaped object, during shaping the
shaped object;

the wall part being formed by using the deposition mate-
rial at the same time as the shaping of the shaped
object;

discharging the deposition material which 1s an 1k by an
inkjet head, and discharging the fluid material from the
inkjet head;

providing the inkjet head with a planarizing roller for
planarizing the deposition material, and the planarizing
roller removes excess of the fluid material from the
clearance during the shaping; and

storing the fluid material between the wall part and the
shaped object being shaped, when the fluid material
overtlows from the clearance.

4. The manufacturing method for a shaped object accord-

ing to claim 3, further comprising:

providing a support layer around the deposition material
at the time of shaping the shaped object to support the
deposition material, and the support layer being
removed aiter the shaping,

the removal of the support layer 1s performed after the
wall part 1s removed, after the shaping of the shaped
object 1s completed.
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